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Engineering Parameters Related to Rollover

ABSTRACT

Rollover [requancy In singls vehicle
crashes Is much higher for pickup trucks and
uliflty vehicles (60-80 percent) than It Is for
cars (30-50 percenl). Vehlcle paramelers
alfecling stability {and lbus rollover} wers
sxamined lo dsiermine thelr conirlbution lo the
Ilterance in rollover frequency aimong passenger
cats, pickup lrucks and ulilily vehicles. Loglstic
regression techniques were used lo develop
p'aramaler eslimales for lhe risk ol rollover In
single vehicle latal crashes, Fatal Accigent

- Reporting System {FARS) dala lor 15B1-1887
ware used logelhsr with englneering dala for 11
modets of pickup, 16 models of utility vehicls and
11 models of passenger car. Separala paramaler
eslimaies were derived for the three vebicle types
e pisdict risk of roliover In rural and urben
sieas. Among vehicle design paramalers, lrack
widily to cenier of gravity height was the strongest
prediclor of vehicle rollover for plckup Irucks
and wutility vehlcles; for ulllity vehicies,
wheelbase 1o frack ratio was also signllicant. For
passengar cars, whaeelbase was the besl predlclor
ol rofiover risk. A combined mode!l was run o
establish whelher & singie modet could be used 0
predicl roliover risk lor all three vehicle types.
Wheetbase, lrack widlh te cenier ol gravily helght
end driver ape were all signllicant prediciors of
rollover risk, bul were nol sulliclen! lo explaln
all the variallon in roltover sk belwesn ligh!
trucks and passenger cars. The modsls showed

‘ ‘hatl reducing the track widih lo cenler of gravily

—nielght ratio of lrucks lo tha! lor passenger cars

could reduce rollover Irequancy by as much s 60
psrceni.

Frequency

: ' . lan S. Jones
Forensic Technologles Inlernalional

Maria B. Penny
Resource Planning Corp.

INTRODUCTION

The numbar of lighi trucks Including vans,
pickups, and ulllily vehicles has increased
subslaniially over the past live years, and light
trucks now conslllute almos! one-third ol the new
vehicle markat.! As a conssquence ol Ihe
increased numbers ol fhesa vehicles, which ara
designed dlilerenily than passenger Cois Bnd are
no! subject lo the same salsly paeriormance
slandards, there has been concern thal this group
ol vehicles Is over-involved in crashes.2 Earller
siudles have shown that lighl lrucks have a

propensily o roll over. 3,4 However, Il Is not
clear 1o wha! extent 1his is inherent In the lype of
vehicle (i.e.. light trucks are designed lor high
ground clearance and/or load carrylng capsacily
and thus have a higher center of gravily han
passengser CBrS), Of whelher I occurs because
these vehicles are operalsd uncer dlllarant

“condillons.

A recen! sludy provided comparisons ol
occupani istallly rates for varous size calggories
of lale model passenger cars and light lrucks.
Involvement rales were computed using data lrom
the Falal Accident Reporting Sysiem (FARS) and
the R.L. Polk and Co. vehicle reglsiralion data.?
Occupant fatality rales decraased with Increasing
clze of car and wilh increasing slze of lighl iruck
(Figpure 1), sithough the rales for lighl truchks
were genarally higher ihan lor passengel cars.
Light truck falallty rates In mutliple-vehicle
crashes were similar to those ol comparably slzed
passenhgser Cars, whereas lhe singie-vehicle
ialality rates for lighl lrucks were gbou! double
those for comparably slzed passenger Cars
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—{excep! lor gmall utllity vehlcles which were
ovar four lmes the taie lof small passenger
cars).

The fatality roles 1o sinpia-velicle
rollover crushas mhror 1hoss {or single-vohicle
craches sugpesling thal the falalltly ralo s
dominated by rollover crashes. Moreover, light
ttucks have a much higher proporilon of rollover
crashes lnvolving falalitles (GD-BD percent)
than do passengaer cars (30-50 percent), and thts
10 & large exton! accounts for thelr highar slngle-
vohicle lelaliiy rele.

Because ol the wide variation In rollover
hhegquency thal clesrly oxlsle belween vellcle
types, lhis paper examines whether vehicle
design lactors allgcling sisbllity are corralaled
with roliover frequency In fatnl crashes. in
pailicutar, the Issue of whether dlligrences In
stablily characterlslics accounl lor ihe
diilerence in rollover rafes belween plekup
trucks, ullllty vehicles and passenger Cars Is
examlned.

METHODS AND MATERIALS

To assess lhe retalive Importance ol
vehicla design versus epernaling characierisiics,
spproprigle vehicle siablllly characteristics
mus! be defined In lerms of engineering variables.
There are two common mechanisms of rollover:
overturning by sliding and overlurning by
tripplng.

For a vehlcle to 1oll over by sliding
{Figure 2a}, lhe lateral sccelaration sy Is given
by the expresslon:

a3 > szhcg:
where - track width of vehicle
heg = center of gravity height of vehicle

Ouce the laieral acceferalion gxceeds ihe
. value ol Wz ratlo, e vehicle will tollover. This
maans that in a comnering maneuver the larper
the value ol Ihe rallo track widlh fo center ol
gravity helght (cg heighll, the tess likely the
vehilcte ts to rollover than slhde oul, Accordingly,
the frequency of rollover should coiralate with
s ratlo lor specllic makes and models ol
_ vehicles. Tual Is, models thal have fow vslues cl

the 1allo el rack width lo cg height should have
a higher rollover {requency. Earller research
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ostablished thal such 8 correistion exists lor
passenger cars and also explorad olher variables
{ha! describe propenslly 10 rollover In Wipping
ghuations. 58

Roliovar by lripplng (Flgure 2b) can be
caused by the vohicle sirlking 8 curb or from the
wheels digping o allor sliding onto soll ground.
The laleral veloclly roquired 1o roll .over from &

Irpping sliualion was shown 1o be:5.0

2
Sy 2000 H(_L] -1
mh h
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Where Jo Is the toll momont ol Inertin gbout the
contact polnt, heg the center ol gravity helghl, ¥
the hall the irack width, and m the vehiclie mass.
Approximating the toli  inerila &S
Jo = M{w? + H2)/12 where w Is the widih of the

vehlcle and H the heighl and gssuming w = 2y and
H ~ 2h the expression for the laieral veloclty for
wipping can be simplilied 107
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This expression suggesis \hat candidale
variables lo describe propansily (o roliover In 8
iripping sllualion Include center of gravily height
and the frack vidih to cQ heigh! ralia.

In additlon 1o those paramelers thal
doscribs rollovar propensily directly, other
variabies which describe direclional slablilty
should elso be considered. For example, il
rollovet Is related io the magnitude ol the lateral
accaleralion, the vehicie's whealbase to lrack
widit rafio could siso be importan! because 1his
gives an lndicallon ol how quickly lhe Y&w
valoclly (and hence lalera! acceleralion) can
bulid up.

Values lor the variables, wheelbase, track
widlh end center gravily height waie oblalned fof
as many modsls ol passenger cars and light \rucks
as possiblg.3:4.8-11  The velves jor the
meakes/modsls of vehkiss anslyzed In lhis paper
are given in Table Al.




Siatistical Analysis

Single vehkle crashes Involving plckup
Irucks, ullitly vehicles end passenger Cais were
obialnad from the Fala! Accidenl Reporling Systam
(FARS)!2 and malched with engineering dals,
rom Table A1, for esch Indlvidual make end
mods! of vehicle. Allhough the enginaering data
ware leken from a specitic mode! year vehicle, all
applicable model years for that vehicle wers
included. A tolal of 11 models ol plckup truck, 16
models of utlity vehlcle and 11 modals ol
passenger car were covered. 1he dala ftom Iha
secident file and lhe enginescing variables wore
used 1o estimale the odds ol a rollover, given B
slng!s vehicle crash, as & funclion ol 1he
engineering paramselers: whealbase, Irack widih
to cg height rallo, and wheeolbase lo irack wldih
ralla. The esltinates are derived through mulliple
logistic regression techniques thal conlral lor iha

simultaneous elfects of driver mge.'3 Separaie
results were oblained for rural and urben areas.
This analysis covers accldenls occuiring during
) years 1881-1887, Only single vehicle
crashes weare consldered because rollover s
predominantly & slngle vehicie crash problem and
mechanisms of roliover in mulli vebicle
collisions are llkely to be dilereni. Table 1
summarlzes the sample size avallable for each
vahicls lype.
To It the regresslon models, the loglsiic
regresston procedure (Proc Logist) from the SAS
Users Group Inlernational {SUGH supplemenial

Horary of the SAS Inslitule was used.! The
gependen! varlable in each obssrvatlon Is lhe
presence of absence of roliover In a single vehicle
crash lnvelving a falalily. This variable was
assioned & value of one Il the vehicle rolled and
zero otherwise.

The regracsion eguellons were used lo
pradict the log odds of soliover in & single vehicle
fatal crashi. The kg odds are lhe log ol 1he ralio of
two probabliilles. The numeralor is 1ha
probablliity that the vehicle will rotlover; the
denominaior ts the probablilly thal this will nol
eccur. These odds are prediclod es & function of
drhver ape as wall as wheelbase, rallo of irack
widlh {o cenlar ol gravily heigh! and track widlh

whealbase rallo tor the parlicular make and
wiodet of vehicle invoived In the accidenl. Because
lhere Is no & priorl way o esiablish whether the
snpinearing variables account for ell the
varlalion batwasn vehicle typses &nd because lhelr

rollover mechanisms may be diilerenl, separale
pnalyses were run for passenger CAars, pickup
ttucks and ulilily vehicles. Separaie Bnalyses
were 8lso run lor wiban and rurel areas becauss
e mechanism of rollover could ba dilierenl in
hese areps. To develop & singls modet 1o ptodic
rollover odds, o modsl was fined whh all vehilcle
lypes combined by including 8 categorical
variable dalining vehicle lype. Wheteo
sppropriate, the prediclor variables were
cenlared sboul thelr mean value.

To Hlusirale the relationships belwaen the
Independon! vartables, the corrglation matices
lor rural and urban areas are glven In Table 2.
Nole thal 8 cslegorical varlable vehicle lype Is
included which lakes tha vaelue 0 lor passenger
care pnd 1 for plckup or ullllty vehicles. In
rural areas, (he sirongesl correfalion occurs
botween vehicle typs and ihe track widiti 1o co
haight ralio {cars have high values of irack widil
o cg height ralio, trucks have low values). Wilh
the excepllon of lhe parsmeaier comblnations
{irack to whosibase) and (track lo cg helghl) and
{track lo wheelbase) and (dilver ege), ail olher
parameter comblnations show soma corielailon
(this s due In parl to the large sample size). The
peltern for urban aress Is similar.

RESULTS

Paramelsr estimaies for rural areas glven
in Tabls 3, were derived using the lorward

slapwise option ol Proc Loplsl. Separale
sslimates were derived for plckup irucks, ulllity
vehlcies &and passsnger CBars. indepandenl

variablas lor possible incluslon were: driver age,
wheelbase, itack widlh 1o cg hsight ratio and
irack widlh to wheelbase rallo.

For pickup trucks, the estimales are based
on 3363 observalions with 1873 rollovers;
driver age and irack widih lo cg height rallo were
ihe best prediclors ol rollover odds. Ths
remaining varlables did nol reech the 5 percenl
signilicance requlred for inclusion. Thus, once
the variables driver age and track widih 10 CgQ
hetghl ralic are Included, neliner wheelbase nor
track widiih to wheelbase rallo are important
prediciors of rollover odds. Both drivar age and
rack width to cg helght parameter eslimales have
g negalive sigr, indicaling lhal roliover odds
decrease with (ncreasing driver age and
increasing track widih 1o cg height rallo.

For utllity vehlicies, there were 1224
observallons with 720 rollovers. Track width 1o



‘aethase rallo and hack widih lo cg helghl rallo
.erg the besl predictors. The treck widlh to
wheelbase ralio has & positive sign Indicating (hat
toliover lncreases a6 ihis rallo Increpses of
velicles thal are short In lenglh relative 1o thelr
wildily have highor rollover odds. The lrack wlidih
to cg helght relio has negalive sign which s
consislen! wilh the pickup truck modal.

For passenger Cars, the esiinalos ware
based on 5153 observalions wilh 18B2 roliovers.
Wheelbase nnd driver sge were the bos!
piodictots ol rolfover odds, and track width 1o cg
helgh! did not entat the modsl, Bollv paramelor
estinnles have nagative sign ldicalling thal larger
(of longer wheelbase) cars and eldor drivars
have lower rollover odds. Al flisl sight the
passenger car model s qulle different from the
pickup and wulllity vehicle modaols. Howover,
although wheeloase Is selecled in prelerenco 1o
the track width to cg helghi ialio, the iwo
parnmelers ars coirelsled, and, as Table Al
shows, center ol pravity heighls do nol vary
substanlially across passenger car models such
thal the ttack width lo cg height talio becomes &8
sunrogale for vehicle size,

To llusirale the goodness-ol-lil ol the

kup truck/ullily vehicle models, Figure 3
tliows for rural aress, tha expecled probability of
rollover plolled agalnst observed probablilty.
Nale thal lhe passenger car model has noi bean
Inchided. Expecled probabliilies lor each model of
velicle are computed by mulliplying tha
parameler estimales by thelr mean values
{(caiculaled from the obsarvations lor thal
vehicle). Quite cleaily thers is good
correspondence belween expecled and observaed
probabiiilies which Is reliecled in lhe fraction ol
concordant pairs between predicied and observed
respouses; 0.61 for pickup twucks and 0.58 for
ulilily vehicles shrown In Table 3.

To iliustrale ihe influence ol the lrack
widih lo ¢g heighl ratic on totlovar odds, Figure 4
shows expecied probablily ol roliover in rural
areas ploiled against this ratio. The expecled
probabillly lor each make/mode! was generated
by setling e other pargmelsrs &l ihalr moan
values {or lhal model. Ths llgure shows @
monolonically decreasing rtisk of roliover with
Incrgasing backh width 1o cg helght rallo. The
tollover tlsk decreases lrom 0.8 lo 0.5 (a
decrease ol 38%) irom & corresponding Increass

the track widlh o cg helghl reiio of 1.0 to 1.3.
...f 2 vehicle whih 8 nominal lrack width of 60
mches this would represent & decrease in cg
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helght of 7 Inches. Also evidenl from the figure Is
tha! the effect of the liack width 1o ¢ helght talio
lg more pronounced for the ulllity vehictes han
lhe plckup trucks, & fact thal s reflectod in the
magnilude of thelr paramsisr sglimetes (l.e.-
2.45 lor plckups compared lo -7.40 lor utllity
vaehicies).

Teble 4 glves lhe parameler eslimales
derlved 1o predic! rollover odds In urban ereas,
The eslimeles are based on 1343 obeervalions

wilh 345 rollovers lor plckup lrucks; 534
obgervallons with 278 rollovers for ulllity
vehiclas and 4212 obssrvallons with 529

rollovors lot passenger cars. T1ho varlables
solecied lor the plekup truck model and ibe
passenger car mode! are the same as lor rural
nreas; howaover, In lhe ullllly vehicle modael,
whaeMbase Is selected In prelerence lo the lrack 1o
whoelbase rallo. Tablo 2 shows thal both ol ihess
varlables are strongly correlaied.  Thus, the
models for rutal and urben are very slmitar.
Beceuse Ihe models lor pickup trucks and
vttty vehicles aro qulile stmitar, 1t could be
argued thal they should be irealed as one vehicle
type. Also, in trying 1o undersland the
relationship belwaen roflover odds and ihe \rack
wigih to cg helght raiio, it could be sigusd lhal
passenger cers represent he high end of the range
Hut trealed as & separale group den'l exhioll a-
wide enough range lo develop 8 signiticant
relationship.  To explore ihese idees, further
paremeler esiimates wee derived lor the
combined sample of pickup trucks, ullilty
vehicias and passenger cars. To diflereniiate
belween vehicle lypes lwo calegorkcal variables
weare used "pickup” and “ulllity™; "pickup” taking
ihe velue of O for cars or wMiily vehicles and 1
lor plckups, and Tulility” taking the value of 0 for
cars or pickups and 1 for villitles. Table 5 glves
the parameler eslimaies lo predict roflover odds
in rural sreas and Table & tha corresponding
eslimales lor urban arsas. The models are very
simllar showling thal driver ags, wheslbase gnd
frack width to cg height ratlo Bre sirong
predictors of rollover odds. All lhreg parameter
estimales are nepgalive Indicaling hs! rollover
odds decrease wilh Increesing driver 8ge,
Increesing wheelbase (large vahicles =mre less
likely to roll thsn small vehicies) and Increesing
rack width to cg helght ratio. However, both
models show thal, alter taking account ol the
varlglion explained by these englneering
aramelers and the driver age parsmeter, there
s stlit & slgnilicent unexplalned varlalion



belween passengar cars, pickup trucks and ulltity
vahicies, Thal s, lor pbolh rural and urban areas,
the vehicle ype paramelars are signilicant. For
rucal aroas the parameter eslunnie for plckups
(0.695) is nol signilicanily ditlerent (p < .05}
liom tha! lor ulllity vehicles (0.965), bul boih
are signlficanlly ditteront trom zsero, le.
pessenger cars. The ssrme holds true lo utban
aregs. Thus, In larme of prediciing rollovar odds
ihore is no dillerence betwasn pkckup trucks and
utitlly vehlcles (once driver &sge and the
gnglnesring poramoters ere Inciuded), although
both are sipnliicanlly dilferent lrom passenger
CBfs.

To lilusirale goodness-ol-1l, Figuro 5
shows lor rura! arens, expecled probablilly ol
jollover plolled agalns! observed probabllity. Il
s clear {hal lhe comblned model is & good
prediclor of rollover for all three vehicle lypes.
To explore the Infiuence ol the track width 1o cp
height rallo on rollover odds for ihis combined
model, Figure 6 shows expected probabllily of
tollovar ln rural greas plotted against this rallo.
The ligure shows a monaclonizally decreasing risk
ol roliover with increasing track widih lo ¢
heighl ratio lirespeciive ol vehlcls lype.

DISCUSSION

Thls snalysis of FARS dala shows that

there mre slgnificant relallonships belween the

risk of roliover in single-vehlcle latal crashes
and enginesring paramsters lhal describe vehicle
stabllity. Of the vehicie stabliity varlebles
conskdered, track widlh lo og heighl ratlo was the
sironges! prediclor of vehicle rollover for plckup
trucks and utilily wvehicles, allhough for
passanger cars wheelbase wes B baller prediclor.
For ulllity vehicles Irack widibh 1o whaslbase
ralio was also a slrong predicler ol roliover,
suggesting hael vehlcles that are shorl In jength
refailve to their widih are more Hkely 10 rollover
than longer wlisslbass vehlcles. The regression
models for rural and urben areas wers
substantially simllar indicatlng thal Llhe
mechanisms of rollover are e same.

The secparate parsmeter estlimales for

pickups, ulllity vehlcles and passenger cars
establish thatl plckup and utilily vehicles bsheve
In similar ways. Tha! is, rollover odds can be
piedicted using track widih to cg halght ratio for
bolh vehide types. In terms of other paramslers,
driver cQe sppearsd more Importanl 8s &
predictor of rotovar for pickup trucks. This Is

in parl due 1o the limited range of this variabl
{or ulllly vehicles becausa ulllty models had :
vary high proporiion of young drivers. Similari:
the irack widlh o wheelbass parameler whic!
was a signlticant predictor of rollover for ulily
vehicles did nol work for pickups. The range ¢
Ihis parameler for pickups Is imlied becauss, |
genoral, ell pickups have lairly long wheslbase
In retatlon to thelr track widih,  Ulliity velilcle
on tho other hand have a much wider rangs c
wheelbass. For exomple, thore ate B number ¢
ghort ulility vshicles (Suzukl Semural, 2 dot
Moniero, eic) as well aa longer wheelbas
vehicles {Toyola Land Crulser, Isuzu Troope
elc.) Inciuded In e sample,

This lack of ranga lor parilcul
paramslers Blso explains why tho beck width
cg helght railo was nol & good predicior
rollover lor passenger cars, Wilh one or v
exceptlons, center ol gravily heights |
passenger cars all iall wihin & smatl range. T}
maans thal irack widih to cg helght rallo becom
a surtogale for lrack widlh or more genara
vehicle slze which Is why wheelbase bacomes |
sironges! predictor of roliover.

Trylng 1o develop separale modeis for 1
thres vehicie lypes clearly had probieins becau
of the limiled ranges of some paramale
Comblnlng the vehicte lypes inio one modsl
using vehlcie type calegorical variables
pickup lrucks and ullllly vehicles establishad it
driver age, wheelbase and Irack widlh 1o €Q hek
ratio were signliicanl prediclors of vehh
rollover. However, both vehicle lype parameli
werg slgnilicanl suggesling \hal (here wes ¢
soms remalning varlalion atirbutable fo vehl
lype. To lliusirels the megnllude ol the veht
type ellect, Il for a pickup truck lhe lrack wh
to cg helght ratio were increased lrom 1.0 {l
end of iight trucks) to 1.5 {an aveérage passen
car), the Yog odds of rollover would be reduced
0.74 (-1.487 x 0.5) which is epproximalely
game magniiude ms the plckup vehicls 1)
varlable (0.885). This suggests 1hal theis
some othar efiect conirlbutlng 1o lighl
rollover which has a slmllar magniiude 10
lrack widith 1o cg height paramete;. M} could
argued thal this slili rellecls diflerent opara:
condltions, although, this analysls has conlio
for driver characterislics and to soma exl
environmenial condlilons by separating rurel .
usban areas.

The elfects of other enviconmanial lac
were expiored including road curvalure, I




__ ade, wealher condllons, and reglon of counlry

and whila some showad slgtillcant correlation
none changed the baske retationship belweaen light
frucks and cars.  Thel 1s, oven alter taking
accounl of variation explainec by these variables,
he vehicle lype parameler wWas sllil slgnificant.
However, alliiough there 1s 8 residual vehlcle \ype
gllect, It should be siressed Ihal a substianlial parl
ol tha diliarsnce belwesn light frucks and cars is
due to 1helt higher cenlor ol gravity heights. This
ts contiumed by looking nl car models thsal have
low lrack widih to cg hetght 13llos. For exampla,
Figure 6 shows lhal cars which have unusuplly
low ratlos have correspondingly high rollover
probabliilies that sre in the same range &8 light
lrucks with equlvalenily high irack widih 1o cf
helgii retios,

The assoclalion balween cenler of gravily
helghit and increased rollover Ireguency for lght
rucks cotnpared lo pasrenger Cals has beon
recognizad by aihers.'S Allhouph fimited to four
older model ulllily vehicles andg 11 passengaf Car
models, this siudy did show thal velicles with low
track widlh 1o cg helgtil fallos had higher rollover
rales Ihan passenger cars with high ratios. Whal

clear lrom this snd the current sludy is that
-.ehicles with high centers ol gravily In relation

to thelr track widih will roll over more
frequently,

The facl tha! rollover risk Is correiatad
wih Irack width to cg heighl rallo raises the

queslion of whelher salely perforrnance standards
<hould be wrltlen to conirol rollover propensity.
The issus of whalher a standard could be
esiablished using & siabllity facior crllerion
hzsed on cg height and track wigth has alreedy
beenr ralsed In s pellion o NHTSA.'® Such 8
simplilied appreach has limiations becauvse, for
examiple, I does nol dillerenilale belween small
vshicles that could roll over mors lrequently 1han
large vehicles (piven that bolh have lhe same
irack width 1o gg helghl ratio). However, ihe
resulls prasented In Figure 6 show 1hal adopling &
lower linil of 1.2 lor the irack widih lo cg
height ralio could reduce substantially he
roliover lrequency of light trucks. in denylng
thiz pelllon, NHTSA ergued (hal this spproach
does nol lake account "ol vehicle characieristics
thal conlribule lo @ vehicle's bacoming Involved In
an accidan! which Includes rotiover.”'7 Thalls, &
. hicle’s handiing performance may conlribule 10
... high crash rals, which In lurn produces a high
rollover rale nol becsuse of poor stabilily bul
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poor hangdling performancs. Previous tesesarch
jooked somewhal unsvcceasfully lor an
appropriate handling paclormance/stabilily
maneuver 1o describe oversl fsk to roll over.'®
This earllor work conceniraled on dillarentialing
petwoon ths rollover proponslly of smsll and
largo passenhger CArs and the handling/siabliity
parameter values lof s/l the vehicies generally
weis woll below the threshold ol roliover lot
light trucks. Hoviever, parlormance maneuvers
ol his lyps should be reviawod to establish
whether they could be used to dilierentiale
belween passohgar cCBrS and ligh! Wucks end
whether they would idenilly vehicle desipns that
have an unecceplably hiph risk ol rollover.
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TAéLE 1 --Single Vehlcle Crash Sample Slze - FARS 1878-1987

Rural Urban
. [Vehicle % : % .,
Type N Rellover N Roflover
Pickup 3363 56 1343 26
Uttty 1224 75 | 534 52
Car 5153 37 4219 13 ¥
14




TABLE 2--Correlaiion Matrlx of Independent Variables

URBAN AREAS N = B740)
TRACKS VEHICLE TRACKS DRIVER
WHEELBASE | WHEELBASE TYPE CG HEGHT AGE
Wheeliase 1,0 -0,30 0.187 0,24 0.21
Track/Whealbase 1.0 0.31 -0.,12 -0.086
Vehicle Type 1.0 -0.71 ~0.16
Track/Cg Helphl 1.0 0.22
Drivar Age 1.0
RURAL AREAS N = 6096)
TRACK/ VEHICLE TRACK/ DRIVER
WHEELBASE | WHEELBASE TYPE CG HEIGHT AGE
Whaglhase 1.0 -0.33 0.25 0.26 0.14
TrackN¥heeslbase | 1.0 0.25 -0.03 -0.05
Vahlcle Typse 1.0 -0.61 -0.15
Track/Co Helgh! 1.0 D.18
Driver Age 1.0

s,

IR




TABLE 3--Regresslon Equalion jor Rollover Odds In Singie
Vehicle Crashes in Rural Areze by Type ol Yehicie

For Pickup Trucks

TR

ary .?ﬁ*&{:w;-‘-*‘w-;- e s *,";:":

Independont Variable Bola Std. Enor Chl-square p Velus
Intercep! 0.236 0.035 44.48 <.0001
Driver Ags -0.018 0.002 55.04 <. 0001
Track/cg Helght -2.453 0.340 52.12 <.0001

Model Chl-squate = 125.61 wilh 2 D.F,

Fractlon of concordant palrs = 0.611

N - 3383 {rollovers = 1873)

For Ulllity VYehicles

Independent Varlable Bels Sig. Errof Chi-squars p Velue
intarcep! 1.142 0.068 280.43 <.0001
Track/Wheelbase 7.767 1.982 15.35 <.000}
Track/cg Heighl -7.399 1.670 19.62 <.0D0}

gt

Modal Chi-square = 28.72 with 2 D.F.
Fraclion of concoidani palrs = 0.583
N = 1224 (rollovers = $S20)

For Automoblies

Independen! Variabla Bela Std. Error Chi-square p Valug

Intercapl -0.578 ¢.050 377.76 <, 0001

~“Whesglbase -0.043 0.005 g1.62 <.0001

Driver Age -0.013 0.002 61.41 <.0001

Mode! Chl-square - 188.21 with 2 D.F.
Fraclion ol concordan! palrs = 0.620
N = 51533 (rollovers - 1882)

B2



TABLE 4--Regresslon Equalion for

Aollover Odds !n Single

Vohlcle Crashes in Urban Areas by Type ol Vehlcle

Pickup Trucks

B T 2t
Rk

indapenden| Verlable Bola Sid. Error Chi-square p Yalue
intercepl -1.149 0,067 280,80 <, 0001
Track/cg Helghl -4.,156 C.607 46.78 <.0001
Drlver Ape | -0.024 0.005 20.19 <.0001 ] K
Model Chl-squaca = B2.00 with 2 D.F.
Fraclion of concordan! palis = 0.662 :
N - 1343 (rollovers = 345) ‘ . }
Utlilly Vehicles
indepandeni Varlable Bela Std. Error Chi-squara p Value :
Inlsrcepl 0.070 0.0582 0.59 A4
Track/ca Helahl -11.238 2.538 19.61 <.0001
Wheelbase -0.04 1 0.013 .27 <002 :
tdodel Chi-square = 52.76 with 2 D.F. h
Fracllon of concordant pairs = 0.686 ?
N = 534 (rollovers = 278) #
Passsnger Cars E
independent Variable Bela [ Sid. Error Chl-sguare p Value
Intsrcep! 2,017 0.050 1646.81 <.0001
Whselbase -0.04 1 0.007 33.08 <.000
Driver Ags -0.016 0.003 2B.68 <.0001

Model Chi-square = 8§2.53 with 2 D.F.
Fraclion of concordant pairs = 0.623
N = 4218 ({rollovers = 528}




TABLE 5--Hegfenlon Equalion for Rollover Odds in Single
Vehicle Crashes In Rural Aress (All Vehicle Types Combined)

i

indepsndent Variable Bela Sid. Error Chl-square p Value
Inlercep! 0,441 0.054 67.55 | <.oo0f
Wheshase -0.018 0.004 21.48 <, 0001
Treck/Wheelbase -0.113 1.106 ' 0.01 ;92
Tiack/cg Helglt -1.487 0.386 14,07 ,0002
Diivat Age :0.015 ¢.001 125.83 <. 000!
Plckup 0.685 D.088 50.38 <.0001
L Utility 0.965 D.1563 18.57 <.0001

Model Chi-square = 1000.48 with 6 D.F.
Fraclion ol concordan! palrs ~ 0.684
N = 9740 (rollovers = 4675)

R e e i




TABLE s--Regtession Equallon for Rollover Odds In Single
Vehicie Crashes In Rursl Aroas (All Vehicle Types Combined)

Independen| Varlable Bela Sid. Error Chi-squars p Volue
Intercepl -0.441 0.054 67.55 <.0001
Wheelbase -0.01'8 0.004 21.46 <, 000!
Track/YWhealbase -0.113 1.106 0.01 .82
Track/cg Helght 1,487 0.396 14,07 .0002 r
Diivor Age .0.015 0.001 {25.83 <.0001
Pickup 0.685 0.090 50.36 <.0001 |
Uihity 0.965 0.153 29.57 <000

Model Chl-square = 1000.49 with 6§ D.F.
Fraclion of concordan! palrs = 0.684
N = 3740 ({rollovers = 4675)

;
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| TABLE 6--Regression Equstion for Roltover Odds In Singls Vehlcle

Crashes in Urban Areas (All Vehicte Types Consldered)

indopsndant Vailable Bela Sid. Error Chi-square p Valus
Inlercep! -1.B63 0.066 799.55 <.0001
Wheelbass -0.024 0.006 14.64 000!
Trock/Whegibass 1.778 1.688 11 .28
Trackicg Haelght -2.601 0.627 17.23 <.0001
Driver Age -0.018 0.003 52.72 <.000!
Plckup 0.643 0.162 15.74 0001
Uttty 0.813 0.2256 13.01 .0003

Mode! Chl-square = 727.06 with 6 D.F
Fractlon of concerdan! palrs = 0.718
N =~ 6086 (rollovers = 1152}
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Deaths per 10,000 Registered Vehicles

Figure 1. All Vehicle Occupant Derths In 1 to 3 Year Old Vehicles
per Reglstered Vehicles by Crash Type, FARS Data 1981-1885
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Figure 2 Common Mechanisms of Rollovers

{a) - Maheuuer Induced Rollover
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TABLE A1 — Haslght of Conter of Gravlty, Track Width and Wheelbase Data for
Various Passanger Cars

Year/Maks/Model cg Height | Track Width [ Track/icg Helght{ Wheelbase Mean
{inches) (Inches) {Inches) | Driver Age
1080 AMC Ceoncord 271.1 57.3 1.353 108.0 41 .1
1883 Chevrolet Caorics 22.45 51.3 1.365 116.0 44.8
1982 Chevrolel Celebrity 19.1 58,1 1.521 104.,7 40.4
1979 Chevrolet Chevette | 18.9 51.2 1.354 97.3 30.7
1980 Chrysler Cordoba 14.0 59.9 1.575 112.7 44 .6
1978 Toyota Corolla 18,0 50.9 1.414 93.3 25.6
1981 Renaull LeCar 21.8 49.6 1.138 95.2 31.2
1978 Honda Civk 20.38 50.8 1.246  86.6 30.1
1886 Chevrolel Spectrum 22.27 54.5 1.224 94.5 29.5
1285 Oldsmaobile Clerra 19.64 57.8 1.471 105.0 441
1985 Ford Thunderbird 19,96 58.4 1.463 104.25 34.2




